A new process for the fabrication of cylindrical microelectrode tools with high aspect ratio for microelectrical discharge machining (µEDM) is reported. Tungsten micro-tools with a diameter ranging from 1 µm to 26 µm and aspect ratio ranging from 15 to 20 are obtained in about 30 minutes with a low cost and automated technique. This one is based on the electrochemical etching of the tool material with a process which has fully been integrated in a milling µEDM machine. As proof of interest, preliminary examples of µEDM machining are also reported with the 26 µm diameter tool. After µEDM machining, fast and automated in situ tool regeneration is also demonstrated. This may be of great help to simplify the tool wear compensation algorithm during µEDM milling.
INTRODUCTION
The improvement of machining technique like micro electrical discharge machining (µEDM) is still required in Microfabrication when 3D mesoscopic and/or high aspect ratio (i.e. the ratio of the part height with its lateral dimension) parts are needed. In addition, it is known that µEDM is compatible with all kinds of electrically conducting materials, which opens the way to machine unconventional (non-silicon) materials in Micro-technology. Examples of application of growing importance are the machining of stainless steel for the chemical micro-reactors and hard metals for the micromolds for injection molding. Processes like Reactive Ion Etching, Focused Ion Beam and LIGA are expensive and/or not optimized for these materials [1].
However, µEDM has still to be improved in terms of resolution. This is of paramount importance in the case of µEDM milling, which allows machining 3D parts by controlling the path of a cylindrical microelectrode tool. In this case, the miniaturization of the tool is a key factor for the machining resolution.
The manufacturing of theses tools has still to be largely improved in terms in tool diameter and aspect ratio. These tools are traditionally made by reverse EDM [2], wire EDM, WEDG [3] or micromilling but this requires a dedicated machine and the tool diameter is still limited at best to the 2-5 µm range with important residual stress [4] . Therefore, in practice 10-20 µm diameter tools are often used.
In this article, we shall report a new process for the fabrication of a microelectrode tool and its integration in a milling µEDM machine under development in our laboratory [5] . Our machine is made of two subssystems: -The tool fabrication place -The milling µEDM machine itself. The tool which is typically a tungsten rod (250 µm diameter -20 mm height) is first prepared in the tool fabrication place and then translated to the µEDM machining place for further use. After machining, the tool can be returned to the tool fabrication place. In other respects, it is well known that tool wear in an important problem during the µEDM milling [2] . Therefore fast in situ tool regeneration will be also demonstrated in this work.
TOOL FABRICATION
The fabrication of the tool is based on the electrochemical etching of a cylindrical tungsten electrode. This process is derived from the techniques originally developed for preparing the tips of Scanningavoid the conical shapes with atomic apex needed for STM and AFM. Our goal was to obtain the cylindrical microelectrode tools with high aspect ratio which are necessary for the µEDM milling.
SET UP
The process is based on the electrochemical etching of the tungsten rod. This one is immersed in a vat filled with NaOH electrolyte at 1 Mol/L (mixed with 50% glycerol) together with a cylindrical counter-electrode grid placed around the rod. The vat contains also a supporting dielectric liquid (non miscible with the electrolyte) and also a small container filled with Gallium-Indium. The electrical contact is performed by putting in contact the end of the rod with the Ga-In (Figure 1 ).
Figure 1: Electrochemical cell
By applying a pulse voltage (50Hz) with alternate polarities from a few tens of volts to few volts with appropriate time of application (T ON ) and duty cycle (T OFF / T ON ) (Figure 2 ), a homogeneous etching of the tungsten rod is observed.
Figure 2: Pulse voltage applied with TON-TOFF phases
Electronic hardware and Labview interface have been developed to perform successive etching steps as reported in Table 1 . with the control of applied voltage U, application time T ON , duty cycle and etching time. The result is the progressive thinning of the rod as depicted schematically in Figure 3 . Step 1, the rod is vertically translated until the electrical contact (Figure 3a) . At the end of Step 1, the lower part of the rod (in the dielectric) is unchanged whilst the intermediate part (in the electrolyte) is made thinner (Figure 3b) . Of course the upper part of the rod in the air is unchanged. So altogether the rod shape is like a dumb-bell. Then steps 2-4 are performed with a series of decreasing voltages to thin down the central part of the rod (Figure 4c ) whilst keeping its cylindrical shape. At the end, once the central part has reached the targeted diameter, the rod is translated upward in order to place the lower part of the dumb-bell in the electrolyte. A cut off is applied with a small voltage during a short time in order to remove the lower part of the dumb-bell (Figure 4d ). Figure 4 shows the experimental results according to the parameters of Table 1 : -The original rod (Figure 4a ).
EXPERIMENTAL RESULTS
-The rod after Steps 1-4 (Figure 4b ).
-The tool after final cut off showing a diameter of 26 ± 2 µm along 400 µm (Figure 4c ). This tool fabrication process is fully automated and takes about 30 minutes. It is performed without any mechanical machining in a small electrochemical reactor (5x3x3 cm) with simple and low cost electronics.
It is important to note that Figure 4 (which is included here only for a good understanding of the process) is a collection of about 40 pictures per view. For each view, the electrode is translated up outside the vat so as to take a picture in the air with a Zoom 6000 Navitar with long working distance objective and ½" Sony CCD camera.
